Objective: to evaluate the relation between patient adherence and therapeutic effectiveness of hypolipidemic agents in clinical practice. Methods: A retrospective cohort study of 417 patients using hypolipidemic drugs (simvastatin, atorvastatin) between 2003 and 2010 was performed. The population studied consists of patients assisted by the Public Health Service in the far-west region of the State of Santa Catarina, Brazil. The Medication Possession Ratio obtained from pharmacy refill data was used to measure patient adherence. Therapeutic effectiveness was evaluated based on the difference obtained in the serum levels of total cholesterol, LDL-cholesterol, HDLcholesterol and triglycerides, before and after taking the drug, in an average time of 8.3 months. Results: Following the treatment with hypolipidemic agents, it has been observed a reduction of 14.3% for total cholesterol, 19.6% for LDL-cholesterol, and 14.4% for triglycerides. HDL-cholesterol increased by an 8.0% average. The major changes in lipid profile were promoted by atorvastatin 20 mg daily. The medication adherence rate decreased over the monitoring period. Adherence rates below 60% were associated with therapeutic failure, while rates equal to 80% or higher were associated with the best response to the lipid-lowering drugs. Conclusion: Adherence to hypolipidemic agents is higher at the beginning of the treatment, but it decreases over time, affecting the achievement of therapeutic goals.
INTRODUCTION
Dyslipidemia is a metabolic disorder of high prevalence worldwide. It is one of the major risk factors related to cardiovascular disease, whose incidence is increasing in developing countries such as Brazil. 1, 2 The clinical approach to primary prevention to reduce cardiovascular disease risk is founded on life style changes, including reduced intakes of saturated fat, trans fatty acids, cholesterol and carbohydrate; increased physical activity and weight control. [2] [3] [4] [5] Drug therapy is applied to reduce plasma lipids levels when these modifications fail to control the dyslipidemia. 2 Numerous studies have shown the benefit of statins in reducing the mortality and morbidity associated with cardiovascular disease. [5] [6] [7] [8] [9] The success of drug therapy for the control, prevention or cure of any disease, especially the chronic ones, depends on the patient's adherence to the treatment. [10] [11] [12] Non-adherence to drug therapy is a principal cause of treatment failure 11 and is considered a high priority public health issue. 12 Adherence to treatment is an active, intentional and responsible process of care in which patient's degree of compliance with the health professionals' recommendations. [13] [14] [15] It implies two different behaviors. First means the duration of dosing before patient's premature interruption of treatment, On the other hand, good quality of execution, which describes the daily patterns of patient adherence behavior. 13 Medication adherence can be characterized either by direct or indirect methods. Direct methods are designed to detect the therapeutic drug or its metabolites in the patients' biological fluids. On other hand, indirect methods mainly include interviews, pill counting, medication electronic monitoring systems and Medication Possession Ratio (MPR) evaluation. 11, 15 MPR considers the amount of times the patient takes out medicines from the health service pharmacy. This procedure to assess patient adherence applies particularly to the public healthcare service, considering that patients must always take their medicines in the same healthcare center. It represents the patient's willingness to comply with his treatment and has been associated with the treatment success. [15] [16] [17] [18] [19] [20] The absence of a gold standard to measure
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adherence and the use of self-report methods hamper adherence research and the assessment of interventions provided. 21 However, electronic monitoring and pill count have shown the best validity to assess adherence. 11 Adherence is influenced by many demographic factors, such as gender, age, race, socioeconomic status and pre-existing cardiovascular disease. 22, 23, 25 Others including lack of adequate knowledge about medication and treatment goals, beliefs about the medication, complex regimens that are difficult to manage and side effects can play important roles in predicting adherence. 24, 25 In addition to these patient factors, health care system factors, such as access to care, may influence a patient's likelihood to take their medications to improve adherence. 22 Pharmacists are one of the most utilized members of the health care team due to their ease of accessibility to the general patient population. 26 There are many opportunities for the pharmacists to become involved in lipid management, such as patient education, lipid levels rechecked, decreasing cardiovascular disease risk factors, along with counseling on adverse effects, administration times and drug interactions. 5 Pharmacists can promote medication adherence and take part in enhancing continuity of care among healthcare professionals in the community. 27 This study aims to evaluate the relationship between adherence rate to hypolipidemic agents assessed by MPR and therapeutic effectiveness, for patients whose treatment has been delivered at the primary care level in Brazilian Public Health System.
METHODS
A retrospective analysis of medical records of 417 active patients of Brazilian Health System was carried out. All of them were registered in the state health program for access to hypolipidemic medication. The study was conducted in twenty-two cities in the far-west region of the State of Santa Catarina, Brazil.
Data collection was carried out by the indirect method using a form developed by the authors. This form consists of structured interview based on standardized information by the Brazilian Health System, which are required to ensure that patients have access to medication. 28 The data from the structured interview form were obtained from standardized information registered on medical records and pharmacy records.
Patients with incomplete medical records were excluded, as well as those who had left the hypolipidemic agents therapy before the first followup evaluation, and those with monitoring tests dated earlier than 30 days or later than 46 months from the treatment beginning. 29 , that is similar to the American Heart Association, and its recommendations for preventive therapy. 1 To calculate the amount of time the treatment had been taken, it was considered the time between the first and last medication dispensing. The lipid-lowering therapeutic effectiveness was evaluated for the time elapsing between the beginning of the treatment and the first monitoring assessment for simvastatin 10 mg, 20 mg, 40 mg and atorvastatin 10 mg and 20 mg daily. The difference seen in the serum concentration of the lipid profile elements during that period was calculated in percentage. The rate of adherence to the treatment was evaluated based on the patient's medication possession ratio of the hypolipidemic agents, according the following formula 19 :
Patients with adherence rate 80% or above were considered to have good adherence to the treatment. 
RESULTS
The characteristics of the patients included in the study group are shown in Table 1 . The sample consisted of 417 patients, most of them were women (62.1%). The median Body Mass Index was 27.7 kg/m 2 . The most frequent comorbidities for both genders were hypertension (83%) and type 2 Diabetes mellitus (29%), followed by obesity (13.7%), hypothyroidism (6.7%), kidney disease (1.4%) and hepatic disease (0.7%). The statins were the most used hypolipidemic class (92.8%), and simvastatin 20 mg daily was the most frequent treatment prescribed. Ciprofibrate 100 mg daily was the most prescribed fibrate (3.4%).
Serum levels at baseline and the first monitoring laboratory tests of the studied group are shown in Table 2 .
Serum level of total cholesterol, triglycerides, HDLcholesterol and LDL-cholesterol were significantly lower (p<0.05) in the follow-up evaluation, when compared to the serum dosages at the beginning of the treatment. Serum levels of alanine aminotransferase, thyroid-stimulating hormone and fasting plasma glucose were not significantly different (p>0.05) in the same period.
Our study shown that until the first follow-up evaluation, in average eight months after the start of the treatment, it was verified that 92.6% of patients achieved an adherence rate of 80% or above. At the first monitoring time the number of patients with treatment adherence rate of 80% or above was significantly higher (p<0.001) in patients aged more than 65 (94.7%) when compared to those <65 years old (91.0%). The adherence rate 80% or above was not different when the overall time was considered (84.9%). As to the evaluation of the full-length treatment period (19.7 months in average), the number of patients who got adherence 80% or above decreased to 82.6%.
The therapeutic effectiveness of hypolipidemic agents in the population of the study is shown in Figure 1 . The evaluation of hypolipidemic therapeutic effectiveness in the studied population shown a decrease in lipid profile serum concentration by daily using the drug simvastatin 10 mg, 20 mg, 40 mg and atorvastatin 10 mg and 20 mg. The greatest reduction of total cholesterol (17%), LDL-cholesterol (27%) and triglycerides (12%) was obtained with the use of atorvastatin 20 mg / day. For HDL-cholesterol, the best result was achieved with simvastatin 20 mg / day (an increasing of 8%). The relation between the adherence rate to hypolipidemic therapy and the reduction obtained for total cholesterol and LDL-cholesterol, in the period between the start of the treatment and the first clinical monitoring examinations, is shown in Figure 2 .
Patients who had adherence rate to hypolipidemic therapy lower than 55% did not present any reduction in total cholesterol. For the patients who had adherence rate from 55 to 80%, the reduction for total cholesterol was 0-7%; while the greatest reduction, of about 11%, was observed for the ones with an adherence rate higher than 80%. For LDLcholesterol, adherence rates to the treatment lower than 60% had no therapeutic effectiveness. A significant reduction (14%) of LDL-cholesterol was only obtained with adherence rates higher than 80%.
DISCUSSION
This was a retrospective cohort study that shown that lipid profile serum concentration was significantly reduced after the use of hypolipidemic therapy by patients with good to optimal medication adherence. To our best knowledge, this is the first study regarding the evaluation of the adherence rate for hypolipidemic agents in a Brazilian population assisted by the Public Health Service.
In this study, the greatest reduction of total cholesterol, LDL-cholesterol (and triglycerides was obtained with the use of atorvastatin 20 mg / day. Similarly, a study by Jones et al. 30 with 534 hypercholesterolemic patients, revealed that atorvastatin 20 mg daily, produced greater (p ≤0.01) reductions in total cholesterol and in LDLcholesterol (46%), than other hypolipidemic agents like simvastatin. On the other hand, Brown et al. 31 , in a study that compared the efficacy of atorvastatin, fluvastatin, lovastatin, and simvastatin with 318 patients with atherosclerosis, verified that atorvastatin 10 mg daily produced significantly greater decreases (p<0.05) in plasma LDLcholesterol than the other treatments. Consistent results about atorvastatin 10 mg were reported by Andrews et al. 32 They demonstrated that atorvastatin 10 mg daily achieved the greatest According to Brazilian Society of Cardiology 2 , statins may reduce LDL-cholesterol from 15% to 55% and triglycerides from 7% to 28%. They also may increase HDL-cholesterol from 2% to 10%. The expected reduction depends upon the drug and the dosage regimen used. Therefore, the expected reduction of LDL-cholesterol, for simvastatin 20 mg to 80 mg, is from 27% to 42%; whereas for atorvastatin 10 to 80 mg, the expected reduction for the same parameter is from 37% to 55%. Considering the results of simvastatin 20 mg for the population under study, the reductions obtained for LDL-cholesterol and triglycerides were lower than the theoretical effectiveness described in the literature. For HDL-cholesterol the obtained results are consistent with the expectations. Cardiovascular medications adherence is often low. 33 For hypolipidemic therapy, the limit value (cut off value) for adherence rate is 80%. 19, 20, 34, 35 It is considered good adherence when the adherence rate to the treatment 80% or above and poor adherence when its <80%. 19, 20, 34, 35 In our study, a good adherence was observed in about 90% of the patients at the first 8 months of therapy and reduced to about 80% after 20 months. The observed reduction in patient adherence over the time can be a result of several interacting factors, like side effects, patient misunderstanding about treatment and lack of appropriate patient monitoring.
A study by Andrade et al. 36 with users of hypolipidemic therapy, revealed that the rate of adherence reduces 4-15% in the first year of treatment and approximately 11 to 30% when the clinical monitoring lasts five years or more. Similarly, Applegate 37 in his study with elderly patients', verified that adherence to statin therapy declined more than 25% in the first 6 months after the original prescription, with further declines in adherence the longer the cohort was followed. Benner et al. 34 also reported a reduction of medication adherence in the long-term therapy. Their study reported that 39% of their patients shown adherence rate above 80% after 12 months of treatment with statins. These authors have also verified that patients with comorbidities, such as hypertension, diabetes or a past history with cardiovascular disease, have a better persistence for hypolipidemic therapy. Catalan et al. 23 shown that a higher index of chronic morbidity and preexisting cardiovascular disease were predictive of longer persistence on statin medication. Consistent results were reported by Jackevicius et al. 38 The results of their study shown that elderly patients' adherence to statin therapy continually reduced from initiation of therapy through 2 years follow-up and shown that patients at higher risk for cardiovascular disease were more adherent to therapy than those patients treated for primary prevention. Ruokoniemi et al. 35 have verified therapeutic adherence rates to statins over 80% in more than 50% of their studied population, and also that older patients with comorbidities have a higher adherence to the treatment. Avorn et al. 39 have not identified any therapeutic adherence difference between genders, which is consistent with our results.
In a study to implement pharmaceutical care program to improve medication adherence in new users of statin, the authors verified that pharmacist has an important role to play in ensuring that drug therapy is appropriate and effective. 40 They compared discontinuation of statin therapy over time between patients in the pharmaceutical care and usual care groups. They found that patients in the pharmaceutical care group were more likely to persist with treatment compared to patients in the usual care group. 40 A recent survey that sought to determine views of pharmacist effectiveness and impact on health care delivery found that 96% of respondents reported benefits, including improved disease management outcomes, increased return on investment, and increased access to patient care. 41 Another study about adverse drug events suggests that pharmacist intervention decreases 34% the risk of adverse drug events and medication errors in patients with cardiovascular disease. 42 A review of several studies to quantify the impact of pharmacist interventions in hyperlipidemia management 43 and in cardiovascular and renal disease 44 , evidenced that total cholesterol is sensitive to pharmacist interventions 43 , and there are improvements in cardiovascular and renal outcomes. 44 Furthermore, patient-specific recommendations made by pharmacist can positively affect prescribing habits and make steps to improve patient safety. 45 Nevertheless, there are limitations in this study. First, a potential limitation was the impossibility to determine if the patients effectively used the hypolipidemic drugs that were dispensed from the Brazilian Public Health System. Second, we did not consider those patients who might have been taken a statin and a fibrate simultaneously. Third, we did not compare the therapy adherence between patients without any history of cardiovascular event with those who had any previous cardiovascular events.
CONCLUSIONS
Lipid profile presented a significant reduction in serum total cholesterol, LDL-cholesterol and triglycerides, as well as an increase in HDLcholesterol in patients with good to optimal medication adherence. A medication possession ratio above 80% was related to the best health outcomes.
The adherence rate assessment by recording the pills that a patient received shows to be a simple, low cost and effective process to assess therapeutic effectiveness for hypolipidemic drugs and a potential predicator of the treatment effectiveness.
The access to the medicines, which are supplied free of charge by the Brazilian Health System, as an isolated action in the treatment of dyslipidemia, does not ensure a successful drug therapy outcome in the long-term. On the contrary, patients' adherence and clinical outcomes monitoring can go together with drug dispensing all over the treatment in order to ensure its therapeutic success. The pharmacists have the opportunity to promote health and disease prevention through improved treatment adherence.
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